Two hundred patients with liver disease were re-studied after six to eight years. The initial routine diagnosis (mainly based on morphological criteria) was confirmed in almost 80% of cases of chronic liver disease. In chronic active hepatitis, agreement was found in 86%. An alternative classification based on cluster analysis of clinical chemical results from the first admission was also to a great extent confirmed by the follow-up study. We have previously reported the details from a study of 200 consecutive patients with liver disease (1) (2) (3) (4) (5) (6) (7) (8) . The diagnoses were based mainly on morphological criteria-first, because this was most accepted at the time and, further, because it enabled a comparison with an independent classification based on clinical chemical results.
In the present report, we describe a follow-up study performed six to eight years later, which enabled a reclassification according to final diagnoses. We try to elucidate the validity of the two independent classification systems used at the first admission: the routine system based on morphological findings and the alternative one established by cluster analysis of clinical chemical results (4 
Materials and Methods
Subjects: Of 202 patients with known or suspected liver disease admitted consecutively to Rikshospitalet, two were soon rejected from the study because none of the investigations confirmed the suspicion of liver disease. The remaining 200 patients were classified into17 groups, including three subgroups of unclassifiable patients as shown in Table 1 .
Diagnosis:
The initial diagnosis was based on histological examination of liver biopsy material (obtained by use of a 
Statistical methods:
BMDP computer programs (16), the 1979 versions, were used throughout the present study. A nonparametric method (Mann-Whitney test, cf. 16) was used for univariate statistical evaluation of differences between groups. Missing data (less than 2%) in the set shown in Table  6 were substituted for by stepwise linear regression with the BMDPAM program. BMDP7M was used for stepwise discriminant analysis. Programs have previously been described in detail for discriminant analysis (3, 17) and cluster analysis (4) as used with data from the first admission to the hospital.
Results
The agreement of the initial (morphological/clinical) diagnosis with the final one is briefly discussed below for five of the most important groups of chronic liver disease: chronic active hepatitis, chronic persistent hepatitis, primary biliary cirrhosis, alcoholic cirrhosis, and cryptogenic cirrhosis. diagnostically verified chronic active hepatitis had died. Four of 11 patients initially diagnosed as having chronic persistent hepatitis were shown to have other diseases. At the re-examination, two had biopsy findings typical of primary biliary cirrhosis and one was diagnosed as having chronic active hepatitis. In the fourth patient, the new biopsy showed signs of alcoholic liver disease.
Agreement of the initial diagnosis with the final one for primary biliary cirrhosis was rather poor, with 37% (seven of 19) initially misclassified: Two turned out to have chronic active hepatitis, one had secondary biliary cirrhosis, one colitis-associated pericholangitis, and one patient recovered after removal of a bile-duct cyst; two could not be given a specific diagnosis and were fmally recorded as having suffered from "cirrhosis" or "chronic liver disease." The prognosis was almost as bad as in the two other cirrhosis groups: Seven of 12 with this verified diagnosis (58%) had died.
In the group of 17 patients with alcoholic cirrhosis, the diagnosis was confirmed in 15 cases (and might be correct even in the lasttwo). Among 23 patients initially diagnosed as having cryptogenic cirrhosis, two developed primary biliary cirrhosis, one had oxyphenisatin-induced liver disease, and in one case we could not establish a definite diagnosis (the last two patients recovered).
The initial morphological diagnosis was confirmed in 78.8%
of the patients with one of the five groups described above. The different initial classification groups were rearranged after the follow-up to distinguish patients with verified diagnoses from those with different or non-verified diagnoses. As an example, Table 3 shows laboratory data from the "core" group (n = 12) of primary biliary cirrhosis vs non-verified cases (n = 7). Significant difference between the groups was found only for IgG, but also results for proteins affected by cholestasis, such as ceruloplasmin and coagulation factors (1-3) , tended to be higher in verified cases, as were results for 1gM and the occurrence of antimitochondrial antibodies. In the "core" group, a higher percentage of the patients died than
Alive Dead in the non-verified cases (58 vs 29%), but the results of the 10 1 tests listed in Table 3 were similar for the surviving and 2 2 nonsurviving patients with confirmed diagnosis (results now shown). 7
Differences in clinical chemical results between verified and misclassified cases were also found in other groups (e.g., chronic persistent hepatitis).
We also searched for prognostic information given by clinical chemical tests as ifiustrated by Table 4 . When this four-test set for discriminant analysis was used, 94.1% of the patients were correctly allocated to the two groups with different prognosis (similar results were obtained for cryptogenic cirrhosis by another test-set including prealbumin and coagulation factors).
At the first hospital admission, an alternative classification, independent of biopsy findings, was performed by cluster analysis of the clinical chemical results (4) . The follow-up study made it possible to evaluate this method: Figure 1 (left) shows the initial classification of a pooled group of 39 patients with chronic active hepatitis or primary biliary cirrhosis who had a complete set of results for 20 tests (4). Figure 1 (right) shows the finaldiagnoses.As itturned out, the initial mor- phological classification agreed with the final one in 76.9% of the cases. By cluster analysis at the firsthospitalization(4) two major (A and C) and a minor cluster (B) and an unclassifiable group were identified. If groups A and C, respectively, are defined as representing "genuine" chronic active hepatitis and primary biliary cirrhosis, and the patients in cluster B and the unclassifiable ones as not having either of 1978 these diseases, this classification was verified in 32 of 39 cases (82.1%).
At the first admission, classification by cluster analysis was also performed for a pooled group of patients, who were then classified as belonging to one of five groups of chronic liver diseases (4). Table 5 shows the correspondence between these clustersand the final diagnoses. Cluster A contained most (68%) of the patients with chronic active hepatitis, B many (50%) of the patients with cryptogenic cirrhosis, and cluster D included the majority (63.8%) of the patients with primary biliary cirrhosis.
The follow-up study showed that the diagnosis of chronic posing this group (Table 2 ) and the initial diagnosis of primary biliary cirrhosis was incorrect in seven of 19 patients (see above). Further, 11 patients who turned out to have chronic active hepatitis and five who were finally diagnosed as having primary biliary cirrhosis were initially allocated to other groups (possible reasons for misclassification by morphology will be discussed below). To test in retrospect whether the classification might have been improved by paying more attention to the clinical chemical results, we established "core groups" with only verified cases for chronic active hepatitis and primary biliary cirrhosis (Table 6 ). Discriminant functions were estimated from data for these two groups by using the four-test set previously shown to be most efficient in distinguishing these two diseases (3) .Then, all other records were allocated to either the chronic active hepatitis or the primary biliary cirrhosis group. Of the cases overlooked at the first admission, 10 of 11 with chronic active hepatitis and all five with primary biliary cirrhosis were correctly allocated.
Discussion Classification by Morphological Examination of Biopsies
At the first admission to the hospital the efficiency of the morphological classification system was limited by the quality of the biopsies (then obtained by the Menghini needle), less personal experience of the pathologist who examined all biopsies, and by certainsourcesof errorand limitations of the criteria (19, 20) not known at that time. In principle, the repeat biopsies were interpreted blindly and the pathologist was only told that the patient belonged to the follow-up study. The interpretation of the later biopsies was, however, usually made easier by the better material provided by the Tru-Cut needle.
In addition, the pathologist, who examined both the initial and the later biopsies, could benefit from greater personal experience and from the growing body of literature on classification of liver diseases. The initial classification by morphology turned out to be correct in 63-86% of the cases of important chronic liver diseases such as chronic active or chronic persistent hepatitis and alcoholic, cryptogenic, or primary biliary cirrhosis.
Classification by Clinical Chemical Tests and Multivariate Statistics
Prediction of prognosis by discriminant analysis. Winkel et al. (18) studied the prognostic significance of 27 laboratory results in cirrhosis. By discriminant analysis of dichotomized data, they found that serum albumin, cholinesterase, and prothrombin were the most useful tests, but correct prognosis was predicted in only two-thirds of the patients. In our study, a correct prognostic classification was obtained for 94.1% of the patients with alcoholic cirrhosis. However, our sample is too small for us to draw any definite conclusions. Plasma proteins reflecting the hepatic capacity for protein synthesis (2) (albumin, coagulation factors, and prealbumin) carried important prognostic information. Haptoglobin (which was positively correlated with the thrombocyte count) was one of the best predictive tests, possibly as an early indicator of hypersplenism with increased hemolysis. Carlson and Eriksson (21) recently reported a negative correlation between haptoglobin and biopsy characteristics conducive to portalhypertension.
In conclusion, even though prognostication by discriminant analysis withuse of laboratory tests may be quite efficient, we agree that it must be performed with great caution in individual patients (18) .
Records from verified cases utilized for discriminant analysis.
In the present study, laboratory data from verified cases were used as "teaching" data sets for discriminant analysis. As examples we used the groups chronic active hepatitis/primary biliary cirrhosis. All other patients were defined as "new" (only initial records were used) and re-examined for allocation to either of the teaching groups. Correct allocation of patients with chronic active hepatitis or primary biliary cirrhosis who did not belong to the verified core of these two groups was obtained in about 94% of the cases (Table 6) .
Our results substantiate a feeling that discriminant analysis may be used for clinical routine (3, (11) (12) (13) , particularly if the diagnostic problem can be reduced to a choice between two (or at least a few) possibilities (3, 12, 13, 17) .
Contribution
of cluster analysis to classification and to the detection of relations between different diagnostic groups.
Cluster analysis, which is a method of classification without any a priori assumption that the patients belong to a particular group (4, 14) , is not thought to be useful for practical purposes (14). The present re-examination, however, verified our previous results (4) that groups selected by cluster analysis correspond quite well with those established by morphological criteria. Our conclusion thus differs from that of another study (22) , in which clusters formed from clinical signs alone and laboratory data alone were not found to be characteristic in any respect.
Resultsobtained by cluster analysis may also throw light on relations among different liver diseases. The re-examination confirmed a tendencytoconfluence ofthegroupscryptogeniccirrhosis, chronicactivehepatitis, and chronic persistent hepatitis (cluster B,Table5). The observation supports the interpretation (5) thatthe cryptogenic cirrhosis group receives contributions from "burned-out"cases of chronic hepatitis.
The main conclusions of our study are as follows: The morphologicaldiagnosiswas verified in more than threequarters of thecases withchronic liver diseases. Classification by cluster analysis shows a reasonableagreement with morphological classification, and may be usefultoreveal relations between different liver diseases. Discriminant analysis based on clinical chemicaldatamay predict theprognosis. In clinical routine, discriminant analysis based on verified casesmay be useful fordiagnosis by small adequatedatasetsif theclinical problem is precisely defined-e.g., to a choice between two possibilities.
9. Zieve, L., and Hill, E., An evaluation of factors influencing the discriminative effectiveness of a group of liver function tests. Gastroenterology 28, 759-952 (1955).
10. Winkel, P., Ramse, K., Lyngbye, J., and Tygstrup, N., Diagnostic value of routine liver tests. Clin. Chem. 21,71-75 (1975 20, 49-128 (1978) .
